Introduction 3 0
Solanaceae plants are medium-sized angiosperms; they are the largest group of vegetable crops and 3 1 the third largest group of economic plants. The taxa in the Solanaceae family are abundant and 3 2 diverse, with 90 genera and 3,000-4,000 species. This family includes many important crop species, 3 3 e.g., food crops such as potato (Solanum tuberosum), vegetables such as tomato (Solanum 3 4 lycopersicum), eggplant (Solanum melongena L.), and pepper (Capsicum annuum), raw industrial 3 5 materials such as tobacco (Nicotiana tabacum) [1, 2] , and certain plant models used in research (e.g., 3 6
Nicotiana spp., Solanum spp., Petunia spp., and Datura spp.) [3, 4] . Therefore, Solanaceae plants play 3 7
an important role in agricultural economics and scientific research [5] [6] [7] [8] . 3 8
The eggplant, exclusively native to the Old World, belongs to the largest genus of the 3 9
Solanaceae, Solanum, and has been listed by the Food and Agriculture Organization as the fourth 4 0 largest vegetable crop. The world production of eggplants was approximately 52.3 million tons in 4 1 2017, with China being the main producer. Previous studies of the eggplant focused on the evolution 4 2
[9-12], genetic linkage map [13, 14] , molecular marker development [15, 16] , resistance [17, 18] , fruit 4 3 quality [19, 20] , and high-throughput genotyping [20, 21] . 4 4 0 corresponded to the number of chromosomes in the eggplant and many members of the Solanaceae 7 1 [29, 30] . 7 2 7 3 Benchmarking Universal Single-Copy Ortholog (BUSCO) evaluations of the genome sequence 7 8 revealed 96.2% completeness. Compared with the previously published eggplant genomes 7 9
(SME_r2.5.1 and Eggplant_V3) [13, 28] , which both mainly employed the Illumina short-read 8 0 sequencing technology, resulting in more fragmented assemblies (contig N50 lengths: 14.3 and 16.7 8 1 kb, respectively) and larger gap sizes (Ns: 4.75% and 28.23%, respectively), our genome assembly 8 2 achieved a great improvement in both quality and integrity (Table 1 and Table S2 ). 8 3
To validate the superscaffolds, we mapped the 952 DNA markers of linkage map LWA2010 [31] 8 4
to the eggplant assembly with BWA-MEM [32] and obtained the best mapped position for each 8 5
marker; a total of 946 (99.4%) markers could be mapped onto the 12 superscaffolds (Table S3 ). Then, 8 6
ALLMAPS [33] was used with default parameters to assign the superscaffolds to each 8 7 pseudochromosome, and a high value of the Pearson correlation coefficient (ρ-value > 0.9) between 8 8
the physical position and map location of genetic markers indicated a high quality of the eggplant 8 9
assembly ( Figure S2 ). We also aligned the markers of linkage map LWA2010 to the Eggplant_V3 9 0
assembly and found that 832 (87.4%) markers could be assigned to the 12 pseudochromosomes 9 1 (Table S4) , which was less than that obtained using our data (99.4%). Generally, the 9 2 pseudochromosomes showed a good collinearity between the new eggplant and Eggplant_V3 9 3 assemblies ( Figure 1 and Table S5 ). 9 4 1 0 4
A total of 70.1% of the assembly was annotated as repetitive sequences using a combination of 1 0 5
homology-based and de novo approaches (Table S6 ). This proportion was consistent with that 1 0 6
reported previously [28] . Transposable elements (TEs) play an important role in shaping eukaryotic 1 0 7
genomes and driving their evolution [34] . In the eggplant, TEs accounted for 68.9% of the genome 1 0 8 size, with long terminal repeats (LTRs) being the most predominant type (63.9% of the genome size) 1 0 9
( Table S7 ). The proportions of TEs and LTRs were both less than those in the pepper [29, 35] and 1 1 0 more than those in tomato [30] and potato [36] . The most abundant LTRs were the Gypsy elements 1 1 1 (52%), followed by Copia (7.9%) (Table S7 ). This scenario was also observed in the sequenced 1 1 2 pepper genome, indicating that the LTRs/Gypsy elements were the major driving force for the 1 1 3 expansion of the eggplant genome. We then examined the insertion time of all LTRs based on 1 1 4 sequence divergence. The eggplant appeared to have undergone a surge of retrotransposon 1 1 5 amplification approximately 0.124 million years ago ( Figure S3 ), suggesting that the expansion event 1 1 6
was quite recent during its genome evolution. 1 1 7
To facilitate genome annotation of eggplant genes, we sequenced RNA samples from roots, 1 1 8 stems, leaves, and flowers. The sequencing data were imported to the gene prediction pipeline, which 1 1 9
also integrated homology-based and de novo strategies. We predicted 35,018 protein-coding genes, 1 2 0
with an average gene length of 5,068 bp and an average of 4.7 exons per gene (Table S8 ). This 1 2 1 number of genes is almost the same as that in tomato (35,768 genes), potato (39,028 genes), and 1 2 2 pepper (35,845), indicating similar numbers of genes in this clade. The distribution of gene density 1 2 3
was inversely correlated with TEs ( Figure 1 ). BUSCO assessment of the predicted gene sets suggested 1 2 4
96.6% completeness, of which 94.2% and 2.4% were single-copy and duplicated genes, respectively 1 2 5 (Table S9 ), suggesting the integrity of our new eggplant gene annotation. Further functional 1 2 6 annotation using public databases indicated that 31,963 (91.3%) genes could be classified using at 1 2 7 least one of the databases and 19,466 (55.6%) genes could be annotated using all five databases 1 2 8 (Table S10 ). In addition, a total of 6,520 noncoding RNAs (ncRNAs) were found in the eggplant 1 2 9 genome, including 116 microRNAs (miRNAs), 1,254 transfer RNAs (tRNAs), 4,629 ribosomal RNAs 1 3 0 (rRNAs), and 521 small nuclear RNAs (snRNAs) ( Table S11) . Eggplant 82  65  21  18  12  75  11  1  84  511  143  1,023   Tomato  64  66  22  13  9  83  13  1  87  533  148  1,039   Potato  100  90  35  33  12  148 30  4  156  562  111  1,281   Pepper  282  137  19  75  15  238 19  7  203  687  151  1,833 NBS, nucleotide-binding site; CC, coiled-coil; LRR, leucine-rich repeat; TIR, Toll/interleukin-1 receptor; TM, SG6, was reported to regulate CGA accumulation and anthocyanin biosynthesis [50] . No SG5 3 4 0 members were identified based on the current criteria. We also found a gene cluster, which was 3 4 1 located at the end of chromosome 7 and contained five members, four belonging to SG2 and one 3 4 2 belonging to SG3, suggesting their key roles in regulating self-defense [71, 72] . We sequenced and assembled the genome of the eggplant and greatly improved the quality and 3 4 6
integrity of the sequence compared with those of previously published draft sequences. As a vital crop 3 4 7
in the Solanaceae, eggplants are cultivated and consumed worldwide. However, there have been much 3 4 8
fewer studies of the eggplant than of other members of the Solanaceae, such as tomato and potato, 3 4 9
which have been established as biological models for studying the development of fleshy fruits and 3 5 0 DNA sequencing 3 7 0
Illumina short-read sequencing 3 7 1
Purified DNA was sheared using a focused ultrasonicator (Covaris) and then used for 350-bp 3 7 2 paired-end library construction with the Next Ultra DNA library prep kit (NEB) for Illumina 3 7 3
sequencing. Sequencing was performed on the Illumina NovaSeq platform. 3 7 4
SMRT long-read sequencing 3 7 5
SMRTbell DNA libraries (~20 kb) were prepared using the BluePippin size selection system 3 7 6
following the officially released PacBio protocol. Long reads were generated using the PacBio Sequel 3 7 7
system. 3 7 8
Hi-C library construction and sequencing 3 7 9
A Hi-C library was prepared using the Dovetail Hi-C library preparation kit. Briefly, nuclear 3 8 0 chromatin was fixed in young eggplant seedlings with formaldehyde and extracted. Fixed chromatin 3 8 1 was digested with DpnII, and sticky ends were filled in with biotinylated nucleotides and ligated. 3 8 2
Then, crosslinks were reversed, and purified DNA was treated to remove any free biotin from ligated 3 8 3
fragments. DNA was then sheared to a size of ~350 bp, and biotinylated fragments were enriched 3 8 4
through streptavidin bead pulldown, followed by PCR amplification to generate the library. The 3 8 5
library was sequenced on the Illumina NovaSeq platform. A diploid contig assembly of the eggplant genome was carried out using FALCON, followed by 3 8 9
FALCON-Unzip, integrated in the pb-assembly tool suite (v0.0.4). The resulting assembly contained 3 9 0 primary contigs (partially phased haploid representation of the genome) and haplotigs (phased 3 9 1 alternative alleles for a subset of the genome). Two rounds of contig polishing were performed. For 3 9 2 the first round, as part of the FALCON-Unzip pipeline, primary contigs and secondary haplotigs were 3 9 3
polished using haplotype-phased reads and the Quiver consensus caller. For the second round of 3 9 4
polishing, we concatenated the primary contigs and haplotigs into a single reference and then mapped 3 9 5
all raw reads to the combined assembly reference using pbmm2 (v0.12.0), followed by consensus 3 9 6
calling with Arrow (GenomicConsensus v2.3.3). After a draft set of contigs was generated, the 3 9 7
Dovetail Hi-C kit was run for Hi-C-based scaffolding with cloud-based HiRise software [73] . Finally, 3 9 8
Pilon (v1.22) was used to correct errors introduced into the assembly from long reads. 3 9 9
To assess the completeness of the assembled eggplant genome, we performed BUSCO analysis by 4 0 0 searching against the conserved 1,440 Embryophyta gene set (v3.0, lineage dataset 4 0 1 embryophyta_odb9). 4 0 2 4 0 3
Repeat annotation 4 0 4
Tandem repetitive sequences were identified within the eggplant genome using Tandem Repeats Finder 4 0 5 (v4.07). The interspersed repeats were determined using a combination of homology-based and de novo 4 0 6
approaches. The homology-based approach, with the RepBase (v21), was used to identify TEs by 4 0 7
searching against the eggplant genome assembly at the DNA and protein levels using RepeatMasker 4 0 8
(v4.0.7; http://www.repeatmasker.org/) and ProteinRepeatMask (v4.0.7), respectively. A de novo 4 0 9
repeat library was customized using RepeatModeler (v1.0.8) and LTR_FINDER (v1.0.6) [74] and then 4 1 0
imported to RepeatMasker to identify repetitive elements. Additionally, the results from LTR_FINDER 4 1 1
were integrated, and false positives were removed from the initial predictions using the LTR_retriever 4 1 2 pipeline [75]. The insertion time was estimated as T = K/2μ, where K is the divergence rate, and μ is the 4 1 3 neutral mutation rate. A neutral substitution rate of 9.6 × 10 −9 was used for the eggplant [76] . 4 1 4 4 1 5
Gene annotation 4 1 6
Protein-coding gene predictions were conducted through a combination of homology-based, de novo, 4 1 7
and transcriptome-based prediction methods. Proteins for six plant genomes (A. thaliana, C. annuum, 4 1 8 S. tuberosum, N. tabacum, S. lycopersicum, and S. melongena SME_r2.5 .1) were downloaded from 4 1 9
Phytozome (release 13), the National Center for Biotechnology Information (NCBI), and the Eggplant 4 2 0
Genome DataBase. Protein sequences were aligned to the assembly using genblasta (v1.0.4). 4 2 1
GeneWise (v2.4.1) was used to predict the exact gene structure of the corresponding genomic regions 4 2 2
on each genblasta hit. Three ab initio gene prediction programs, Augustus (v3.2.1), GlimmerHMM 4 2 3 (v3.0.4), and SNAP (v2006-07-28), were used to predict coding regions in the repeat-masked genome. 4 2 4
Finally, RNA-seq data were mapped to the assembly using hisat2 (v2.0.1); stringtie (v1.2.2) and 4 2 5
TransDecoder (v3.0.1) were then used to assemble the transcripts and identify candidate coding 4 2 6
regions in gene models. All gene models predicted by the above three approaches were combined 4 2 7
using EvidenceModeler into a non-redundant set of gene structures. The produced gene models were 4 2 8
finally refined using PASA v2.3.3. Functional annotation of protein-coding genes was achieved using 4 2 9
BLASTP (E-value: 1e−05) against two integrated protein sequence databases, SwissProt and 4 3 0
TrEMBL. Protein domains were annotated using InterProScan (v5.30). The GO terms for each gene 4 3 1
were extracted with InterProScan. The pathways in which genes might be involved were assigned 4 3 2
using BLAST against the KEGG database (release 84.0), with an E-value cutoff of 1e−05. 4 3 3
Four types of ncRNAs, namely, miRNAs, tRNAs, rRNAs, and snRNAs, were annotated. The 4 3 4
tRNA genes were predicted using tRNAscan-SE (v1.3.1). gene family expansion and contraction. 4 5 0
A total of 799 single-copy genes were used to construct a phylogenetic tree for the six plant 4 5 1
genomes. Fourfold degenerate sites were extracted from each family and concatenated to form one 4 5 2
supergene for each species. The GTR-gamma substitution model was selected, and PhyML (v3.0) 4 5 3
[80] was used to reconstruct the phylogenetic tree. The divergence times among the six plants were 4 5 4 estimated using the MCMCtree program (v4.4) as implemented in the Phylogenetic Analysis of 4 5 5
Maximum Likelihood (PAML) package, with an independent rate clock and the JC69 nucleotide 4 5 6 substitution model. The calibration times of divergence between A. thaliana and S. lycopersicum 4 5 7
(111-131 million years ago) were obtained from the Time Tree database [81]. 4 5 8
To detect PSGs in the eggplant genome, one-to-one orthologs were identified among the six 4 5 9
plants using BLASTP, based on the BBH method with a sequence coverage >30% and identity >30%, 4 6 0 followed by selection of the best match. A total of 8,982 one-to-one orthologous gene sets were found 4 was used to compare the two models. The P-value was calculated using the chi-squared distribution 4 6 7
with one degree of freedom, and then P-values were adjusted for multiple testing using the false 4 6 8 discovery rate (FDR) method. Genes were identified as positively selected when FDR was <0.05. 4 6 9
Furthermore, we required that at least one amino acid site possessed a high probability of being 4 7 0 positive selected (Bayes probability >95%). If no amino acid in PSG passed this cutoff, such gene was 4 7 1 identified as false positive and excluded. GO enrichment was derived using Fisher's exact test and 4 7 2 adjusted using the Benjamini-Hochberg method with the cutoff set at P < 0.05. 4 7 3 4 7 4
Identification of disease resistance genes 4 7 5
The RGAugury pipeline (https://bitbucket.org/yaanlpc/rgaugury) [43] was used to screen the entire 4 7 6
gene set for RGA prediction. The default P-value cutoff for initial RGA filtering was set to le−5 for 4 7 7
BLASTP. 4 7 8 2 0 4 7 9
Identification of CGA synthesis-related genes and phylogenetic analysis 4 8 0
To identify CGA synthesis-related genes, homologous Arabidopsis genes were mined from the 4 
